








3.3 Model spin-up

Because the initial values of model state variables such as soil moisture are not known, it is common to
include a spin-up period in a simulation run to minimize the effect of incorrect initial conditions on
simulated streamflow. Model output from the spin-up period is not used in the calculation of model

performance statistics used for calibration and testing.

We investigated how long spin-up times need to be in order for the slow reservoir storage in HBV-EC,
which we believe is the most "sluggish” state variable, to equilibrate with the forcing data. With an initial
slow reservoir discharge of 100 m?/s, it takes three winter seasons for the slow reservoir storage to
equilibrate. It seems intuitive that longer spin-up times should produce more robust results for a given
time slice because state variables are more likely not to be influenced by erroneous initial conditions.
However, in glacierized catchments, longer spin-up times can be problematic for the following reason:
because HBV-EC does not convert snow into ice over time, long-term simulations result in the
accumulation of deep snowpack above the ELA rather than the accumulation of firn and ice. As a result,
glacicr arcas, which in rcality have icc exposcd during the ablation scason, will instcad be snow covered
in the model. Melt from those areas will be under-simulated, as snowmelt rates are typically lower than
icemelt rates. This effect increases as the value of the parameter MRG increases. This effect is reinforced
by the fact that HBV-EC does not transport snow downslope where it would melt at a higher rate. This

problem is common to all hydrological model codes that do not explicitly include glacier dynamics.

It is also important to adjust the parameter that scts the maximum amount of liquid water that can be
retained by a snowpack, LWR. In the Green Kenue version of HBV-EC, the default value of LWR is 2500
mm, which is unrealistically high and can strongly influence the dependence of model results on spin-up
time because the snow that accumulates above the ELA will retain most o[ its melt water, thus reducing
simulated runoff from those elevation bands. In this work, LWR was set to 200 mm, which is equivalent
to the water retention capacity of a snowpack with a water equivalence of 4,000 to 10,000 mm (based on

a snowpack being able to hold 2 to 5% liquid water by mass).

In the context of the points made above, we set the spin-up period for all model runs (i.e., for each time

slice when performing transient model runs, see hereafier) to five years. This spin-up time is sufficient to

12

22700031(01).pdf



ensure that the slow reservoir storage equilibrates with the forcing data but also minimizes the problems

associated with excess snow accumulation and water retention capacity.

3.4 Model calibration and uncertainty analysis

3.4.1 A guided GLUE approach

Model calibration and uncertainty analysis were based on a multi-criteria and multi-step procedure that
can best be described as a "guided GLUE" approach. The approach combined a Generalized Likelihood
Uncertainty Estimation (GLUE) type procedure (Beven and Freer 2001; Beven and Binley 1992) with an
evolutionary optimization algorithm. GLUE type approaches are based on the philosophy that there is no
single "optimal" parameter set for a given model and data set. Rather, these approaches identify multiple
parameter sets that provide acceptable simulation accuracy for the calibration data. These parameter sets
are termed "behavioural." When applying the model to make predictions outside the calibration data set,
all parameter sets are used, resulting in an ensemble of predictions that represents the effect of uncertainty

in the parameters.

Previous studies have demonstrated the benefits of using glacier mass balance data to constrain
hydrological model calibration in glacier-fed catchments (¢.g., Konz and Scibert 2010; Stahl ez al. 2008;
Schaefli ef al. 2005). However, most of those studies relied on direct mass balance measurements, or
reconstructions based on direct measurements. Direct measurements of glacier mass balance are not
available for Mica basin. However, even if mass balance data were available, it is unclear how to
extrapolate from a single glacier, or even a small number of glaciers, to the entire Mica basin, given the
diversity of glacier morphologies (including elevation ranges, slope and aspect) and climatic conditions.
An alternative approach is to use information on glacier volume change throughout the basin. For Mica
basin, Schiefer ez al. (2007) estimated the glacier volume loss from 1985-1999 to be 7.75 km®. Volume
loss was calculated from the 1999 Shuttle Radar Topography Mission (SRTM) data and from digital
terrain models obtained from aerial photographs. The photographs were taken between 1982 and 1988
with a median weighted date for Mica basin of 1985. Observed glacier areas for Mica basin were

available for 1985, 2000, and 2005.
In order to constrain model parameters with this estimate of glacier volume loss, the model was calibrated
for the period 1985-1999. The period 2000-2007 was used as an independent test period, using glacier

cover based on data from 2005. Model calibration runs were split into two steps, cach with a five-year
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